The addition of multiwalled carbon nanotubes (MWNTs) as inorganic fillers is well known to improve membrane performance for water desalination. Most MWNTs are treated by acid treatment to enhance their hydrophilicity before their applications in membranes. However, acid treatment leads to structural damages of the MWNT wall. An alternative way of improving the hydrophilicity of MWNTs is through coating of polydopamine (Pdop), where MWNT wall damage is avoided. In the present study, polydopamine-coating on MWNT is carried out at pH 8.5 and at room temperature (23-25°C). Different concentrations (0.1 to 0.5 wt%) of Pdop-MWNTs were incorporated into polysulfone (Psf) membranes fabricated by phase inversion. The results showed that the incorporation of Pdop-coated MWNTs has increased the membrane permeability using BSA solution (1,000 ppm) by 19 to 50% depending on the amount of Pdop-MWNTs in the membrane, and has maintained good rejection performances (99.88%). Moreover, the antifouling properties of the nanocomposite membranes were also improved. Here, the optimum dose was determined to be 0.1 wt% of Pdop-MWNTs. Furthermore, even though the Pdop-MWNT/Psf membranes showed lower permeability than acid-MWNT/Psf membrane, the Pdop-MWNT/Psf membrane obtained higher mechanical strength and would be potentially sustainable for a long term ultrafiltration operation. 
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Introduction
The use of membranes has become popular over the years for water and wastewater treatment processes [1] . However, the common problem occurring in membrane application is the trade-off between permeability and selectivity of the membranes [2, 3] . Furthermore, the high expenses for flushing the membrane as a consequence of the fouling tendency [4] have made people reconsider the efficiency of implementing membrane filtration. Continuous research efforts are carried out to improve the membrane separation and regeneration efficiency by optimizing process parameters or by developing new membranes. In the past few decades, the advent of nanotechnology has sparked many developments in materials science 4 and engineering, including the manufacture of new membranes and materials for separation technologies. Among the nanomaterials, CNTs [5] have gained interest as the main material or as filler material of polymer composites for water and wastewater treatment. CNTs possess many unique properties such as high aspect ratio, small size, very low density, high tensile strength (reportedly more than 100 times that of stainless steel), and excellent thermal and electrical properties [6, 7] . Many review papers have been reported in literature on the use of CNTs for desalination, removal of contaminants in drinking water, and other water treatment applications [8, 9, 10] .
The role of MWNTs as inorganic fillers in the membrane is predicted to enhance the membrane performance [11] . However, their hydrophobicity and inert characteristics create dispersibility problems in many kinds of solvents. Thus, to solve the dispersion problem, several approaches for producing hydrophilic MWNTs in the membrane fields have been developed [12] . Two main approaches are usually carried out to disperse the MWNTs:
mechanical process and chemical modification. Mechanical process involves the use of high shearing force through sonication with or without ball-milling or grinding of MWNTs.
Chemical modification on the other hand usually involves acid treatment or the use of surfactants to modify the surface properties of MWNTs. The chemical modification approach followed by sonication is usually carried out by most researchers to disperse MWNTs. Surface modification of MWNTs could provide a pathway to the effective mixing of MWNTs in solution or hybrid assemblies [13] . Interestingly, the enhancement in the hydrophilicity of MWNTs is found to improve not only their dispersion ability but also has a positive impact on the membrane performance [14, 15] . For example, Phao et al. [16] improved the dispersbility and wettability of CNTs by doping the CNTs with nitrogen (N-CNTs). NCNTs/polyethersulfone membranes were then fabricated by modified phase inversion process, and the permeability tests showed up to 70% increase in water flux with the use of polyethersulfone membranes incorporated with N-CNTs.
One of the well-known functionalization techniques is through acid treatment of MWNTs. Nitric and sulfuric acid or a combination of both are usually utilized for acid treatment since it is easy to implement in the laboratory and industrial settings [17] . The acid treatment leads to oxidation of the MWNT walls, wherein the introduction of the oxygencontaining groups such as carboxyl, carbonyl, and phenol groups increases the hydrophilicity of the MWNTs [18] . However, this acid treatment is prone to breakage of the MWNT wall structure [19] . Additionally, the structural integrity of nanocomposite could be decreased due 5 to the presence of carboxylic groups on the MWNT surface [20] . Moreover, the use of aggressive acids could have potential impact to the surroundings during the chemical modification process and its disposal. Thus, it is desired to find alternative approaches for improving the hydrophilicity and dispersibility of MWNTs.
One of the recent advances is the use of Pdop coating on materials for improving their wettability [21] . Pdop, a biorepeated polymer of dopamine monomer, has amine and hydroxyl groups [22, 23] , which can increase the hydrophilicity of the coated material [24, 25] . Reports indicated improved membrane performances such as permeability and antifouling properties after the addition of a Pdop film on the membranes [26, 27, 28] . Karkhanechi et al. [29] modified a RO membrane with Pdop and found an improved anti-fouling property of the composite membrane, which was mainly attributed to the bactericidal property of the protonated amine groups of Pdop. Furthermore, Pdop which has similar properties with the adhesive secretion of mussel is reported to increase the mechanical strength of the coated materials [30] . Huang et al. [31] investigated the coating effect of Pdop on the mechanical properties and wettability of electrospun nanofibers. They reported an increase of 100 to 300% in tensile strength and Young's modulus without sacrificing the flexibility of the membrane as Pdop promotes bonding of the nodes of the fibers. Furthermore, an increase in hydrophilicity was observed for the hydrophobic Psf nanofibers. Considering its hydrophilic characteristic and high mechanical strength, Pdop shows a potential as a coating material to MWNTs to improve their hydrophilicity without damaging the wall structures of the MWNTs and at the same time enhancing the strength of the MWNT structure. A recent study reported an enhanced separation performance and anti-fouling capability of Psf membrane when incorporated with Pdop/CNTs for forward osmosis application [32] .
In this study, MWNTs were coated with Pdop to improve their dispersibility and to provide an antifouling behavior. First, the optimal Pdop coating time on MWNTs was investigated. Pdop-MWNTs were then used as fillers for Psf membranes and their permeability and antifouling properties were investigated for ultrafiltration application. The permeability and mechanical strength of Pdop-MWNT/Psf membranes were also compared to those of acid-MWNT/Psf membranes for their ultrafiltration performance. 
Materials and Methods

Materials
MWNT functionalization
Polydopamine coating of MWNT
In brief, 15 mM of Tris was added to 200 mg of dopamine-HCl solution in 100 ml of DI water (2 g/L) [33] . The mixture was left in ambient air for 1 min to produce polydopamine. The color of the mixture became darker indicating the oxidation of dopamine (i.e. selfpolymerization) and it started to change to polydopamine [34] . Then, 100 mg of pristine
MWNTs was added and stirred in a stirrer cell (Model HS15-26P, Misung Company, Republic of Korea) to let the coating process occur (room temperature: 23-25°C) [30, 34] . It was assumed that continuing oxidation still occurred during the coating process. The pH of the solution was set at 8.5. The polydopamine properties generated at pH 8.5 showed negative charge characteristics [35, 36] .
After preliminary test to find the optimum coating time between 6, 16, and 36 h, it was observed that 16 h duration produced the best result. After coating, the mixture was centrifuged 
Fabrication of composite membranes
The neat Psf and composite membranes were fabricated using a phase inversion method [37] with different MWNT loadings as listed in Table 1 . NMP was chosen as the solvent due to its strong interaction with polymer and based on our preliminary studies, NMP was the optimal solvent to effectively disperse MWNTs in our present study. Pdop-or acid-treated MWNTs in NMP solvent were mixed for a minimum of 7 h using a tip sonicator (Powersonic type 520, 700 W, Hwashin Technology Company, Republic of Korea). Then, a certain amount of Psf was added and stirred at room temperature until complete dissolution of Psf in the solution. The MWNT/Psf solutions were then sonicated for another 3 h to remove air bubbles, and left standing alone at room temperature overnight to reach ambient temperature. To produce the membrane, the casting solutions (i.e., MWNT/Psf blends) were casted with 100 µm thickness of the casting knife on a polyester non-woven fabric surface. Then, the formed membranes were immersed into a coagulation bath using water as non-solvent for 10 min.
After which, the membrane was taken out from the water and subsequently rinsed with and stored in DI water.
Characterization and measurements
The morphology and structure of the functionalized MWNTs and the membranes were characterized by SEM (Hitachi S-4200, Japan) and TEM (JEM 2100, JEOC, Japan). Chemical analyses of the samples were carried out by FTIR (FTIR-460 plus Jasco, Japan) and Raman spectroscopy (JP/NRS-3300 Jasco, Japan). The dispersion ability of the functionalized MWNTs was characterized by UV-vis light spectrocopy (Optizen POP QX5w4407-109038-00, Republic of Korea). The wettability of the membranes was characterized by contact angle (CA) measurement utilizing the sessile drop method using a contact angle meter (Phoenix 300, SEO, Republic of Korea). The mechanical properties of the membrane were measured using a universal testing machine (BESTUTM-00005MD). The viscosity of the casting solutions was determined using Brookfield viscometer (LVDV-11+P, USA). The porosity of the membranes was obtained using the following equation [38] :
( 1) where P is the membrane porosity, A is the membrane surface area (cm²), h is the membrane thickness (cm), ρ wl is the density (g/cm 3 ) of the wetting liquid, i.e., ethanol) and W w and W d are the wet and dry weights of the membranes (g), respectively. In order to obtain the dry weights of membranes, the wet membranes were dried in a vacuum oven at 60°C for one night. On the other hand, MWCO was calculated based on the previous method from literature [39] using PEO, PEG, and PVP solution as feed water in the rejection performance.
There were two configurations of filtration tests used in this study: cross flow (see The permeate flux was measured through weighing the permeate on an electronic balance for each time interval. Thus, by using equation 2 [40] , the pure water flux was determined:
where m is the weight of the permeate water (kg), A is the effective membrane area (m²), and
Δt is the permeation time (h). Furthermore, the rejection performances were checked by both organic solutions (PEO-100000, PVP-55000, PEG-35000) and protein solution (BSA-67000) with 1 g/L concentration. The rejection value [37] was calculated using equation 3, as follows:
where C f and C p represent the concentrations of the feed and permeate solutions, respectively.
The concentrations were measured using a total organic carbon (TOC) analyzer (TOC-5000 (A) Shimadzu, Japan) and a UV-Vis spectrometer (protein concentration using UV/vis Spectrophotometer Optizen POP QX5w4407-109038-00, Republic of Korea).
Furthermore, to check the fouling resistance of the membranes, BSA solution (150 ppm) was filtered for 1 h (J f ) after the DI water filtration (J wv ) has been completed. The process was followed by washing of the fouled membrane with DI water at a velocity of 0.6 cm/s. Further, the DI water once again was filtered through the cleaned membrane (J wc ). By several parameters, antifouling properties were calculated through flux recovery ratio (FRR), total flux loss (R t ), reversible fouling ratio (R r ) and irreversible fouling ratio (R ir ) formulas [2] , as follows:
R t (%) = R r + R ir (8) 3 Results and Discussion Figure 2 shows the TEM images of the pristine and Pdop-MWNTs. The images portrayed similar MWNT structures, however, the Pdop-MWNTs showed thicker surfaces, which are attributed to the Pdop coating. As shown in Fig. 2(b) , the thickness of Pdop coating was estimated to be around 7 nm after 16 h of coating process. However, a few uncoated MWNTs were still noticeable even after the coating process. This could be due to the lack of stirrer velocity during the coating process of MWNTs, which were not enough to disentangle them in the medium. The increase of MWNT's sonication time before coating process can overcome this distanglement problem.
Characterization of polydopamine-coated MWNT
To further check the successful coating of Pdop on MWNTs, FTIR analysis was carried out. FTIR spectra of Pdop-MWNT (Fig. 3) showed similar peaks with the spectra of Pdop only, which indicated that Pdop was successfully coated on the MWNTs [41, 42] . The MWNT showed a peak at 3457 cm -1 , which is attributed to the hydroxyl groups, OH -of the pristine MWNT [43] . 
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The successful formation and interfacial interaction of Pdop-coating on the MWNT surface were also proven by Raman spectroscopy analysis as shown in bands, which are attributed to the disordered and ordered structure of carbon materials. The
Pdop-MWNT showed peaks as the sum features of MWNT and Pdop [41] . The I D /I G ratio (intensity ratio of D and G bands) obtained by the Pdop-MWNT was 0.92, which indicated that the structural defect of material was considerably low [44, 45] . This could be attributed to the role of Pdop in increasing the mechanical structure of MWNT.
Furthermore, the absorbance intensity of the MWNTs in various solutions was measured in order to check the dispersibility provided by the Pdop coating. Figure 5 shows that Pdop-MWNT resulted to higher aqueous stability in water compared to the uncoated MWNT (pristine MWNT) [46] . Marked in the range of 200-300 nm, the strong absorbance exhibited a well-dispersed coated MWNT which indicated that Pdop could facilitate the disentanglement of MWNT bundles to form stable dispersion [47] . Furthermore, similar with absorbance in water ( Figure 5 a) , Pdop-MWNT showed higher absorbance compared to pristine MWNT [7, 48] in NMP solvent (Figure 5b) . The peak at 270 nm pointed out the existence of Pdop on the MWNT surface [7, 26, 46, 49, 50, 51] . Based on the explanation above, it is predicted that the Pdop-MWNTs would obtain fine dispersion in NMP solvent.
Characterization of Pdop-MWNT/Psf membrane
First, the rheological properties of the casting solution were investigated through measuring their viscosity which has a direct correlation to the dispersion quality of a nanomaterial in polymer [52] . Under constant temperature of 25°C, the Psf solution viscosity increased with the addition of Pdop-MWNTs in the solution (Figure 6 ) [37, 53] . This could be due to the occurrence of good interaction between MWNTs and the polymer. Moreover, the viscosity was higher with the higher loading of Pdop-MWNT [53] . The MWNT concentration was found to have a linear function with viscosity [52] , which is attributed to the strong network of polymer and MWNTs that in turn played a role in the morphology of the membranes during the phase inversion process [53] . A steep increase in viscosity was observed at the highest tested concentration of 0.5 wt%. Therefore, it was presumed that the rheological percolation threshold of mixed casting solution was between 0.3 and 0.5 wt%. The threshold of 0.5 wt% predictively preferred the interaction of MWNT-MWNT rather than MWNT-polymer 11 which led to the entanglement of MWNT-MWNT or less dispersion of MWNT in the polymer [52] . Inversely, at the lower concentration, non-interacting nanotubes were homogenously dispersed in the polymer matrix showing good stability against aggregation [52] . On the other hand, the enlarged viscosity was possible to jam the kinetic diffusion following either the rheological hindrance or a delayed exchange between solvent and non-solvent in the phase inversion process [37, 53] . Therefore, it was decided to use a lower concentration of MWNTs to be loaded to the polymer matrix to provide the domination of polymer-MWNT interaction with the intention of preventing either the entanglement of MWNT-MWNT or delayed exchange of the solvent-non solvent process.
Furthermore, based on the FTIR results (Figure 7) , it was observed that Psf polymer and Pdop-MWNTs were succesfully bound. It showed that all the composite membranes had the same basic structure of Psf (Fig. 7a) [3] . Polysulfone, which essentially contains the sub-unit aryl-SO 2 -aryl and S=O defined sulfone group [3, 37] , was found in the bend spectra of all membranes. Hydroxyl groups occurred in both base and modified membranes at the peak of around 2976 cm -1 , which were possibly attributed to the Psf and Pdop characteristics. The N-H peak specific to Pdop identity only existed in the modified membrane at 1579 cm -1 ( Fig. 7b and 7c) [54, 55] . Since Psf and Pdop have almost similar chemical structures, it is difficult to determine the source of the appeared aromatic rings or hydroxyl group vibrations. Thus, it is assumed that the successful modified membrane was shown by the higher peak obtained.
Contact angle is a quantitative measurement of the wettability of the membrane [56] . As shown in Table 2 , the CA of membranes decreased when the MWNTs were added into the polymer matrix, which indicated that the presence of coated-MWNT in the composite has increased the hydrophilicity of the membranes. The improvement in surface hydrophilicity of the membranes especially at 0.05 and 0.1 wt% MWNTs could be attributed to the influence of the hydroxyl [40, 53] and amine groups [25, 57] attached on the MWNTs. Moreover, during the phase inversion process, hydrophilic MWNTs migrated spontaneously to the membrane/water interface to reduce the interfacial energy [15, 19, 58] . However, at higher MWNT loadings (i.e., 0.3 and 0.5 wt%), the CA was found to increase. It was possible that the viscosity of MWNTs in the membrane was increased due to the steric hindrance and electrostatic interaction between either coated MWNTs and Psf, or between coated MWNTs themselves. This possibility made irregular collocation in the membrane during phase inversion [54] . Especially, at higher MWNT loading (>0.3 wt%), a rougher surface could have been formed due to some formation of beads or protrusion of MWNTs on the surface resulting to increased CA. The porosity of the membranes, ( Table 2 ), revealed that the composite membranes possessed higher porosity than the base membrane. It might be due to the fast exchange of solvent and non-solvent in the phase inversion process [19, 58] . However, inversed results were obtained at more than 0.1%
MWNT loading where a decreased porosity was observed. This decrease is attributed to the delayed phase separation leading to a denser structure in the sublayer of the membranes [19] .
Furthermore, to describe the pore size or tightness of the membrane surface, the MWCO of membranes [39] was analyzed ( Table 2 ). The result showed that the MWCO of the base membrane was smaller than those of the composite membranes, which means that higher tightness or smaller pore size was achieved by the base membrane [19] . The addition of coated MWNTs into polymer matrix has increased the surface pore size as confirmed in the SEM images in Figure 8 .
The cross-sectional morphologies of the base and composite membranes were characterized by SEM imaging (Figure 9) . In general, all membranes showed anisotropic or asymmetric structure consisting of dense top layer and porous sublayer. The porous substrate
showed large finger-like cavities or macrovoid structure extending from just under the selective skin layer to the bottom surface of the membrane [54, 59] . According to Figure 9 , the influence of the existence of MWNTs in polymer matrix made insignificant change to the membrane structure. However, the sublayer of the mixed membranes showed an intense nodular structure compared to the base membrane. The intense nodular structure is attributed to the effect of the hydrophilicity of the coated MWNT which led to the fast exchange of solvent and non-solvent in the phase inversion process and in turn conducted the interaction between components in the casting solution and phase inversion kinetics [15] .
Performance of Pdop-MWNTs/Psf membrane
Permeability
The role of coated MWNTs as fillers in a polymer matrix could be observed in the ultrafiltration performance result. Table 3 shows permeation flux results of the different neat and composite membranes at various operating pressures for pure water and BSA solution.
From the table, it can be seen that the pure water flux of the membranes was improved with the addition of hydrophilic MWNTs for all operating pressures of 1 to 4 bar [60, 61, 62] . This improved flux behavior can be explained by two main reasons. First, the addition of PdopMWNTs in Psf membrane has enhanced the hydrophilicity of the membrane as proven by the
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CA measurement data (down to 42 o at 0.1 wt% Pdop-MWNTs/Psf). It was seen that the static water CA has decreased with the addition of MWNTs. Second, the hydrophilicity improvement escalated the exchange of solvent and non-solvent in the phase inversion process. This improvement led to the regular collocation of MWNT in the membrane, wherein due to its hydrophilicity, has helped increase the water flux [19, 63] . In addition, another fact was that the presence of coated MWNT in the matrix provided higher porosity compared to the base membrane, which promoted more water passage through the membrane. The maximum pure water flux was reached using 0.1 wt% MWNT. Beyond this MWNT loading, the pure water flux was observed to decline. The results in Table 3 are consistent with the characterization results presented in the previous section. At higher MWNT loadings (0.3 and 0.5 wt%), lower porosity and higher CAs were observed which could have affected the permeate flux (Table 3) .
Additionally, the large viscosity of MWNTs in the membrane could have led to the steric hindrance and electrostatic interactions of MWNT-MWNT and polymer-MWNT. Therefore, either the cluster phenomenon or the delayed exchange of solvent and non-solvent could not be prevented during the phase inversion process [54, 61, 63] . It was closely related to the increasing viscosity as explained before (Figure 6) . Furthermore, the effect of pressure on pure water flux (permeability) was also analyzed ( Table 3 ). The pure water flux was found to increase with the increase of pressure as also observed by other studies [37, 64] . This confirmed that the physical properties of the membranes such as pore size and porosity had a direct correlation with pressure in generating high pure water flux especially in a filtration system [37, 59] . The lower BSA rejection of the membrane with highest Pdop-MWNT content (i.e., 0.5 wt%) could be attributed to its increased surface pore size as indicated in Table 2 . The agglomeration of PdopMWNTs at this high content has led to irregularities on the surface, and big pore sizes that could allow more BSA molecules to pass through thereby lowering its rejection performance.
Antifouling property
As earlier reported, polydopamine has a big influence for improving antifouling properties of membranes [24, 57] . The tests were performed using a dead-end stirrer cell (at 300 rpm) and a BSA feed solution (1000 ppm) to find the rejection ability and flux of membranes.
In Table 3 , it is shown that the composite membranes have higher improvement for water permeability. As previously discussed, this was attributed to the hydrophilicity given by PdopMWNTs. In the case of rejection performance, all the membranes showed high rejection, i.e., above 90% ( Table 3) . The reason might be due to the high molecules of BSA that were not allowed to pass the membrane surfaces [19] . Overall, the composite membranes showed higher performances on both flux and rejection compared to the base membrane. It could be also due to the hydrophilicity [24, 57] and to the negative charge provided by Pdop on the membrane [35, 36] . The hydrophilicity increased the flux while at the same time the composite membranes gave repulsive interaction to the protein molecule [14, 65] . From the present results, Pdop shows a potential role to address the trade-off between permeability and permselectivity (i.e., flux and rejection performances) in an ultrafiltration process.
The effectiveness of Pdop-MWNTs as filler materials in the polymer matrix in improving the antifouling properties of membranes was evaluated with the following parameters: flux recovery ratio (FRR), reversible resistance (R r ), and irreversible resistance (R ir ) parameters.
During the filtration of 150 ppm BSA solution, a decreasing flux trend was observed, which indicated fouling formation on the membranes (Fig. 10 , middle curves) [58] . BSA molecules were suspected to be deposited on the membrane surface and entrapped in the pores hampering the water flow.
FRR provides information on the recycling properties of the membrane [14] , i.e., the higher FRR value, the better antifouling property, and the results are shown in Table 4 . It shows that the flux recovery of mixed membranes is higher than that of the base membrane. It means that the filtration performance of the composite membranes was enhanced when they were exposed to the protein solution [15] . Moreover, the 0.1 wt% Pdop-MWNT/Psf membrane obtained the highest FRR, i.e., 82.57%, which indicates that the antifouling property was better for this membrane. Meanwhile, the lowest FRR occurred using the base membrane, i.e., at 44.62%.
R t is attributed to the effect of total protein fouling, which is due to the adsorption and deposition of protein on the membrane, and the R t results are shown in Table 4 . Lower total flux loss can be interpreted as an improvement of the antifouling property of a membrane [14, 40, 60] . The result showed that the composite membranes had generally lower R t values than the base membrane. R t itself consists of two types of fouling, namely: reversible fouling (R r ) and irreversible fouling (R ir ). Reversible fouling indicates that the adsorption of protein on the membrane could be reversed or removed by simple hydraulic cleaning [60] . On the contrary, irreversible fouling refers to the stable adsorption of protein molecules on the membrane surface, or that the entrapment of protein molecules in pores are more difficult to be removed [66] . Based on our experiments, the composite membranes showed higher results of 15 R r and smaller R ir than the base membranes. This suggests that the composite membrane improves the membrane antifouling tendency.
It can be deduced that the existence of Pdop-MWNTs in the membrane has improved the membrane antifouling property. The major factor that plays a significant role in this phenomenon is the hydrophilicity provided by Pdop. As proposed earlier, the hydrophilicity plays an important role in increasing the antifouling properties of the membrane [14, 40, 60] .
The fouling tendency was reduced by the repulsive interaction process between both membrane surface and protein molecule (BSA). Therefore, it minimized the entrapment of protein on the membrane pores. As the filtration was conditioned at neutral pH, it was presumed that the BSA was negatively charged [14, 60] , and the composite membrane surface was also negatively charged because of the presence of Pdop [67, 68] .
The effectiveness of the MWNT reinforcement was limited to the concentration and dispersion of the MWNTs in the membrane. It can be concluded that 0.1 wt% MWNT showed the optimum content for improving the membrane antifouling properties. When MWNT concentration was greater than 0.1 wt%, the antifouling properties of the membrane decreased.
The excess ratio of MWNTs in the membrane leads to the decrease of the antifouling properties due to the irregular positioning of MWNTs, which results in the degradation of surface properties of the membranes [14] . Therefore, the loading of MWNT which is embedded in the polymer must be carefully considered.
The comparison between the performances of Psf membranes incorporated with PdopMWNTs and with acid-treated MWNTs is detailed in Appendix A (Supplementary material).
Conclusions
In this study, the effect of polydopamine coating on mutiwalled carbon nanotubes property of Pdop, which is inspired by the natural stickiness of mussels helped in its adhesion to the hydrophobic substrate leading to increased mechanical properties.
e) The optimum dose for overall enhanced membrane properties and ultrafiltration performance in the present study was determined to be 0.1 wt% of Pdop-MWNTs. The present Pdop-MWNT/Psf membrane with high mechanical strength showed good potential for sustainable long term ultrafiltration application. Table 2 Contact angle, porosity and MWCO properties of the membranes tested in the present study Table 3 Pure water flux as a function of operating pressure and BSA solution (1,000 ppm) flux and rejection of base and Pdop-MWNTs/Psf membranes. 
